arXiv:1507.08303vl [hep-ex] 29 Jul 2015 


BA&ffi-PUB-15/007 
SLAC-PUB-16337 

Observation of B —> D ( '*' , Tr + 7T~£~T' decays in e+e~ collisions at the T(4S I ) 

resonance 

J. P. Lees, 1 V. Poireau, 1 V. Tisserand, 1 E. Grauges, 2 A. Palano® 6 , 3 G. Eigen, 4 B. Stugu, 4 D. N. Brown, 5 

L. T. Kerth, 5 Yu. G. Kolomensky, 5 M. J. Lee, 5 G. Lynch, 5 H. Koch, 6 T. Schroeder, 6 C. Hearty, 7 
T. S. Mattison, 7 J. A. McKenna, 7 R. Y. So, 7 A. Khan, 8 V. E. Blinov® 6 ®, 9 A. R. Buzykaev a , 9 

V. P. Druzhinin® 6 , 9 V. B. Golubev® 6 , 9 E. A. Kravchenko 06 , 9 A. P. Onuchin a6c , 9 S. I. Serednyakov° 6 , 9 
Yu. I. Skovpen a6 , 9 E. P. Solodov® 6 , 9 K. Yu. Todyshev a6 , 9 A. J. Lankford, 10 J. W. Gary, 11 O. Long, 11 
M. Franco Sevilla, 12 T. M. Hong, 12 D. Kovalskyi, 12 J. D. Richman, 12 C. A. West, 12 A. M. Eisner, 13 
W. S. Lockman, 13 W. Panduro Vazquez, 13 B. A. Schumm, 13 A. Seiden, 13 D. S. Chao, 14 C. H. Cheng, 14 

B. Echenard, 14 K. T. Flood, 14 D. G. Hitlin, 14 J. Kim, 14 T. S. Miyashita, 14 P. Ongmongkolkul, 14 
F. C. Porter, 14 M. Rohrken, 14 R. Andreassen, 15 Z. Huard, 15 B. T. Meadows, 15 B. G. Pushpawela, 15 
M. D. Sokoloff, 15 L. Sun, 15 W. T. Ford, 16 J. G. Smith, 16 S. R. Wagner, 16 R. Ayad, 17 ’QW. H. Toki, 17 

B. Spaan, 18 D. Bernard, 19 M. Verderi, 19 S. Playfer, 20 D. Bettoni®, 21 C. Bozzi a , 21 R. Calabrese 06 , 21 
G. Cibinetto 06 , 21 E. Fioravanti a6 , 21 I. Garzia a6 , 21 E. Luppi a6 , 21 V. Santoro®, 21 A. Calcaterra, 22 
R. de Sangro, 22 G. Finocchiaro, 22 S. Martellotti, 22 P. Patteri, 22 I. M. Peruzzi, 22 M. Piccolo, 22 A. Zallo, 22 
R. Contri® 6 , 23 M. R. Monge® 6 , 23 S. Passaggio®, 23 C. Patrignani® 6 , 23 B. Bhuyan, 24 V. Prasad, 24 
A. Adametz, 25 U. Uwer, 25 H. M. Lacker, 26 U. Mallik, 27 C. Chen, 28 J. Cochran, 28 S. Prell, 28 H. Ahmed, 29 
A. V. Gritsan, 30 N. Arnaud, 31 M. Davier, 31 D. Derkach, 31 G. Grosdidier, 31 F. Le Diberder, 31 
A. M. Lutz, 31 B. Malaescu, 31, [j]P. Roudeau, 31 A. Stocchi, 31 G. Wormser, 31 D. J. Lange, 32 
D. M. Wright, 32 J. P. Coleman, 33 J. R. Fry, 33 E. Gabathuler, 33 D. E. Hutchcroft, 33 D. J. Payne, 33 

C. Touramanis, 33 A. J. Bevan, 34 F. Di Lodovico, 34 R. Sacco, 34 G. Cowan, 35 D. N. Brown, 36 C. L. Davis, 36 

A. G. Denig, 37 M. Fritsch, 37 W. Gradl, 37 K. Griessinger, 3 ' A. Hafner, 37 K. R. Schubert, 37 
R. J. Barlow, 38 -0G. D. Lafferty, 38 R. Cenci, 39 B. Hamilton, 39 A. Jawalrery, 39 D. A. Roberts, 39 
R. Cowan, 40 R. Cheaib, 41 P. M. Patel, 41 ’[^S. H. Robertson, 41 B. Dey®, 42 N. Neri®, 42 F. Palombo® 6 42 
L. Cremaldi, 43 R, Godang, 43 ’^] D. J. Summers, 43 M. Simard, 44 P. Taras, 44 G. De Nardo® 6 , 45 
G. Onorato® 6 , 45 C. Sciacca® 6 , 45 G. Raven, 46 C. P. Jessop, 47 J. M. LoSecco, 47 K. Honscheid, 48 R. Kass, 48 

M. Margoni® 6 , 49 M. Morandin®, 49 M. Posocco®, 49 M. Rotondo®, 49 G. Simi® 6 , 49 F. Simonetto® 6 , 49 

R. Stroili® 6 49 S. Akar, 50 E. Ben-Haim, 50 M. Bomben, 50 G. R. Bonneaud, 50 H. Briand, 50 G. Calderini, 50 
J. Chauveau, 50 Ph. Leruste, 50 G. Marchiori, 50 J. Ocariz, 50 M. Biasini® 6 , 51 E. Manoni®, 51 A. Rossi®, 51 

C. Angelini® 6 , 52 G. Batignani® 6 , 52 S. Bettarini® 6 , 52 M. Carpinelli® 6 , 52 ’^ G. Casarosa® 6 , 52 M. Chrzaszcz®, 52 
F. Forti® 6 , 52 M. A. Giorgi® 6 , 52 A. Lusiani®®, 52 B. Oberhof® 6 , 52 E. Paoloni® 6 , 52 M. Rama®, 52 G. Rizzo® 6 , 52 
J. J. Walsh®, 52 D. Lopes Pegna, 53 J. Olsen, 53 A. J. S. Smith, 53 F. Anulli®, 54 R, Faccini® 6 , 54 

F. Ferrarotto®, 54 F. Ferroni® 6 , 54 M. Gaspero® 6 , 54 A. Pilloni® 6 , 54 G. Piredda®, 54 C. Biinger, 55 S. Dittrich, 55 
O. Griinberg, 55 M. Hess, 55 T. Leddig, 55 C. Vofi, 55 R. Waldi, 55 T. Adye, 56 E. O. Olaiya, 56 F. F. Wilson, 56 

S. Emery, 57 G. Vasseur, 57 D. Aston, 58 D. J. Bard, 58 C. Cartaro, 58 M. R, Convery, 58 J. Dorfan, 58 

G. P. Dubois-Felsmann, 58 W. Dunwoodie, 58 M. Ebert, 58 R. C. Field, 58 B. G. Fulsorn, 58 M. T. Graham, 58 
C. Hast, 58 W. R. Tunes, 58 P. Kim, 58 D. W. G. S. Leith, 58 S. Luitz, 58 V. Luth, 58 D. B. MacFarlane, 58 

D. R. Muller, 58 H. Neal, 58 T. Pulliam, 58 B. N. Ratcliff, 58 A. Roodman, 58 R. H. Schindler, 58 A. Snyder, 58 

D. Su, 58 M. K. Sullivan, 58 J. Va’vra, 58 W. J. Wisniewski, 58 H. W. Wulsin, 58 M. V. Purohit, 59 
J. R. Wilson, 59 A. Randle-Conde, 60 S. J. Sekula, 60 M. Beilis, 61 P. R. Burchat, 61 E. M. T. Puccio, 61 
M. S. Alam, 62 J. A. Ernst, 62 R, Gorodeisky, 63 N. Guttman, 63 D. R. Peimer, 63 A. Soffer, 63 S. M. Spanier, 64 
J. L. Ritchie, 65 R. F. Schwitters, 65 J. M. Izen, 66 X. C. Lou, 66 F. Bianchi® 6 , 67 F. De Mori® 6 , 67 A. Filippi®, 67 
D. Garnba® 6 , 67 L. Lanceri® 6 , 68 L. Vitale® 6 , 68 F. Martinez-Vidal, 69 A. Oyanguren, 69 J. Albert, 70 
Sw. Banerjee, 70 A. Beaulieu, 70 F. U. Bernlochner, 70 H. H. F. Choi, 70 G. J. King, 70 R. Kowalewski, 70 


2 


M. J. Lewczuk, 70 T. Lueck, 70 I. M. Nugent, 70 J. M. Roney, 70 R. J. Sobie, 70 N. Tasneem, 70 T. J. Gershon, 71 
P. F. Harrison, 71 T. E. Latham, 71 H. R. Band, 72 S. Dasu, 72 Y. Pan,' 2 R. Prepost, 72 and S. L. Wu 72 

(The BABAR Collaboration) 

1 Laboratoire d’Annecy-le-Vieux de Physique des PaHicules (LAPP), 

Universite de Savoie, CNRS/IN2P3, F-74941 Annecy-Le-Vieux, France 
2 Universitat de Barcelona, Facultat de Fisica, 

Departament ECM, E-08028 Barcelona, Spain 
3 INFN Sezione di Bari a ; Dipartimento di Fisica, Universita, di Bari b , 1-70126 Bari, Italy 
* University of Bergen, Institute of Physics, N-5007 Bergen, Norway 
5 Lawrence Berkeley National Laboratory and University of California, Berkeley, California 94720, USA 
6 Ruhr Universitat Bochum, Institut fur Experimentalphysik 1, D-44780 Bochum, Germany 
7 University of British Columbia, Vancouver, British Columbia, Canada V6T 1Z1 
s Brunei University, Uxbridge, Middlesex UB8 3PH, United Kingdom 
9 Budker Institute of Nuclear Physics SB RAS, Novosibirsk 6300908, 

Novosibirsk State University, Novosibirsk 63009&, 

Novosibirsk State Technical University, Novosibirsk 6300928, Russia 
10 University of California at Irvine, Irvine, California 92697, USA 
11 University of California at Riverside, Riverside, California 92521, USA 
12 University of California at Santa Barbara, Santa Barbara, California 93106, USA 
1S University of California at Santa Cruz, Institute for Particle Physics, Santa Cruz, California 95064, USA 
1 ' i California Institute of Technology, Pasadena, California 91125, USA 

15 University of Cincinnati, Cincinnati, Ohio 45221, USA 

16 University of Colorado, Boulder, Colorado 80309, USA 

17 Colorado State University, Fort Collins, Colorado 80523, USA 
18 Technische Universitat Dortmund, Fakultat Physik, D-44221 Dortmund, Germany 
19 Laboratoire Leprince-Ringuet, Ecole Polytechnique, CNRS/IN2P3, F-91128 Palaiseau, France 
20 University of Edinburgh, Edinburgh EH9 3JZ, United Kingdom 
21 INFN Sezione di Ferrara 0, ; Dipartimento di Fisica e Scienze della Terra, 

Universita, di Ferrara b , 1-4419,2 Ferrara, Italy 
22 INFN Laboratori Nazionali di Frascati, 1-00044 Frascati, Italy 
23 INFN Sezione di Genova 0 ; Dipartimento di Fisica, 

Universita di Genova b , I-16146 Genova, Italy 
22 ' Indian Institute of Technology Guwahati, Guwahati, Assam, 781 039, India 
25 Universitat Heidelberg, Physikalisches Institut, D-69120 Heidelberg, Germany 
2b Humboldt-Universitat zu Berlin, Institut fur Physik, D-12489 Berlin, Germany 
27 University of Iowa, Iowa City, Iowa 52242, USA 
28 Iowa State University, Ames, Iowa 50011-3160, USA 
29 Physics Department, Jazan University, Jazan 22822, Kingdom of Saudi Arabia 
30 Johns Hopkins University, Baltimore, Maryland 21218, USA 
31 Laboratoire de I’Accelerateur Lineaire, IN2P3/CNRS et Universite Paris-Sud 11, 

Centre Scientifique d’Orsay, F-91898 Orsay Cedex, France 
32 Lawrence Livermore National Laboratory, Livermore, California 94550, USA 
33 University of Liverpool, Liverpool L69 7ZE, United Kingdom 
3 ^ Queen Mary, University of London, London, El 4NS, United Kingdom 
35 University of London, Royal Holloway and Bedford New College, 

Egham, Surrey TW20 OEX, United Kingdom 
36 University of Louisville, Louisville, Kentucky 40292, USA 
37 Johannes Gutenberg-Universitat Mainz, Institut fur Kernphysik, D-55099 Mainz, Germany 
38 University of Manchester, Manchester M13 9PL, United Kingdom 
39 University of Maryland, College Park, Maryland 20742, USA 
Massachusetts Institute of Technology, Laboratory for Nuclear Science, Cambridge, Massachusetts 02139, USA 
McGill University, Montreal, Quebec, Canada H3A 2T8 
* 2 INFN Sezione di Milano 0 ; Dipartimento di Fisica, 

Universita di Milano b , 1-20133 Milano, Italy 
is University of Mississippi, University, Mississippi 38677, USA 
^ Universite de Montreal, Physique des Particules, Montreal, Quebec, Canada H3C 3J7 
2,5 INFN Sezione di Napoli 0 ; Dipartimento di Scienze Fisiche, 

Universita di Napoli Federico IF, 1-80126 Napoli, Italy 



3 


Jf6 NIKHEF, National Institute for Nuclear Physics and High 
Energy Physics, NL-1009 DB Amsterdam, The Netherlands 
^ 7 University of Notre Dame, Notre Dame, Indiana 46556, USA 
Ohio State University, Columbus, Ohio 43210, USA 
INFN Sezione di Padova 0, ; Dipartimento di Fisica, 

Universita di Padova 8 , 1-35131 Padova, Italy 
50 Laboratoire de Physique Nucleaire et de Hautes Energies, 

IN2P3/CNRS, Universite Pierre et Marie Curie-Paris6, 

Universite Denis Diderot-Paris!, F-75252 Paris, France 
51 INFN Sezione di Perugia a ; Dipartimento di Fisica, 

Universita di Perugia 8 , 1-06123 Perugia, Italy 
52 INFN Sezione di Pisa a ; Dipartimento di Fisica, 

Universita di Pisa b ; Scuola Normale Superiore di Pisal, 1-56127 Pisa, Italy 
51 Princeton University, Princeton, New Jersey 08544> USA 
5J> INFN Sezione di Roma a ; Dipartimento di Fisica, 

Universita di Roma La Sapienza b , 1-00185 Roma, Italy 
55 Universitat Rostock, D-18051 Rostock, Germany 
50 Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, 0X11 OQX, United Kingdom 
57 CEA, Irfu, SPP, Centre de Saclay, F-91191 Gif-sur-Yvette, France 
58 SLAC National Accelerator Laboratory, Stanford, California 94309 USA 
59 University of South Carolina, Columbia, South Carolina 29208, USA 
60 Southern Methodist University, Dallas, Texas 75275, USA 
61 Stanford University, Stanford, California 94305-4060, USA 
62 State University of New York, Albany, New York 12222, USA 
63 Tel Aviv University, School of Physics and Astronomy, Tel Aviv, 69978, Israel 
6Jt University of Tennessee, Knoxville, Tennessee 37996, USA 
65 University of Texas at Austin, Austin, Texas 78712, USA 
66 University of Texas at Dallas, Richardson, Texas 75083, USA 
67 INFN Sezione di Torino 0, ; Dipartimento di Fisica, Universita di Torino 8 , 1-10125 Torino, Italy 
68 INFN Sezione di Trieste 0, ; Dipartimento di Fisica, 

Universita di Trieste, 1-34127 Trieste, Italy 
69 IFIC, Universitat de Valencia-CSIC, E-46071 Valencia, Spain 
70 University of Victoria, Victoria, British Columbia, Canada V8W 3P6 
71 Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom 
72 University of Wisconsin, Madison, Wisconsin 53706, USA 

We report on measurements of the decays of B mesons into the semileptonic final states 
B —> D^tt + ty~£~V, where .D 1 * *! represents a D or D* meson and t~ is an electron or a muon. 
These measurements are based on 471 x 10 6 BB pairs recorded with the BABAR detector at the 
SLAC asymmetric B Factory PEP-II. We determine the branching fraction ratios R^'l = B(B —> 
D ( *\ + ir~£~u)/B(B -a D^t u) using events in which the second B meson is fully reconstructed. 
We find R n +^— = 0.067±0.010±0.008 and = 0.019±0.005±0.004, where the first uncertainty 

is statistical and the second is systematic. Based on these results, we estimate that B -A nn£~i/ 
decays, where n denotes both a 7r ± and tv° meson, account for up to half the difference between the 
measured inclusive semileptonic branching fraction to charm hadrons and the corresponding sum of 
previously measured exclusive branching fractions. 

PACS numbers: 13.20.He, 14.40.Nd 


The semileptonic decays of B mesons to final 
states containing a charm quark allow a measure¬ 
ment of the magnitude of the CKM matrix ele¬ 
ment [U [2] | V c b |, a fundamental parameter in the 
standard model (SM) of particle physics that plays 
an important role in unitarity tests sensitive to 
physics beyond the SM [3]- Determinations of \V c b\ 


from inclusive semileptonic decays B -A ( X C )£~V / 
where the hadronic state X c is not reconstructed, 
and those from the exclusive semileptonic decays 
B -A D*£~V and B -A Dl~V , differ by nearly three 


1 Throughout this Letter, whenever a decay mode is given, 

the charge conjugate is also implied. 
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standard deviations (3cr), as discussed on page 1208 
of Ref. 2]. The measured exclusive B —> X C £~V 
decays, B —► B —>■ D^tt£~u, and B —> 

D^ + K~ £~V [Tj, account for only 85 ±2% [5] of the 
inclusive rate for semileptonic B decays to charm 
final states. The decay modes measured in this Let¬ 
ter account for part of this difference. They also 
provide experimental information needed to quan¬ 
tify background-related systematic uncertainties in 
measurements of B —» D^*Wu decays, which are 
sensitive to new physics contributions. A measure¬ 
ment [6] of these decays shows a 3.4cr deviation from 
the SM, and independent measurements mm also 
exceed SM expectations. 

We search for semileptonic decays of a B meson 
to a D or D* meson and two additional charged pi- 
ons, and measure branching fraction ratios Rr + = 

B(B — > £~v)/B{B —> D^£~V) relative 

to the topologically similar decays B —> D^£~T'. 
The results are based on the complete sample of 
e + e _ collision data collected at the T(45) resonance 
with the BABAR detector at the SLAC PEP-II stor¬ 
age ring, corresponding to 471 x 10 6 BB decays 
(454fb _1 |Jj]). An additional 40 fb -1 sample, col¬ 
lected at center-of-mass (CM) energies just below 
the BB threshold, is used to verify the modeling 
of background from e + e _ —> //(q) continuum pro¬ 
cesses with / = u,d, s, c, r. 

The BABAR detector, as well as the reconstruction 
and particle identification algorithms, are described 
in detail elsewhere m- The analysis uses Monte 
Carlo (MC) simulated event samples to determine 
efficiencies and to model backgrounds. Simulated 
BB decays are produced with the EvtGen im gen¬ 
erator, with final-state radiation described using the 
PHOTOS [12, program. Continuum e + e _ —> qq 
events are generated with the JETSET m program, 
and e + e~ —>■ t + t _ events with the KK2F pro¬ 
gram. The world averages quoted in Ref. [3] are 
used for branching fractions and form factor param¬ 
eters. The GEANT4 [T5] package is used to model 
the detector and detector response. 

The intermediate process through which 
D (*) 7r + 7r states arise in semileptonic B de¬ 
cays is unknown. We consider production via (1) 
3-body phase-space decays, X c -a (2) 

X c -A- -D(*)/ o ( 500) decays with / o (500) -A nn, 
(3) sequential decays X c -A Y c tt followed by 


2 The notation £>(*) denotes D°, D + , D*° and D* + mesons. 


Y c -A D^tt, and (4) X c -A D^p decays with 
p -A 7T7T, where X c is one of £>i(2420), D(2S ), or 
D*(2S), and F c is one of D x (2430), D%, or D$. The 
D^*\2S) states are the first radial excitations of 
the ground state D W mesons, and are modeled as 
in Ref. [5]. Our nominal signal model consists of 
3-body phase-space X c -A D^rnr decays with an 
equal mix of X c mesons. 

We reconstruct events of the type e + e“ -A 
T(4S) -A BB. One of the B mesons (B tag ) is fully 
reconstructed in a hadronic final state. To recon¬ 
struct a B tag candidate, a seed (one of D^*\ ui*' )+ , 
or J/tp ) is combined with up to five additional 
particles (pions and/or kaons), as described in 
Ref. [5] . The B tag candidates are required to have an 
energy-substituted mass = y/s/4— |ptag| 2 > 

5.27GeV/c 2 , and a difference between the beam en¬ 
ergy and the reconstructed energy of the B ta , g can¬ 
didate |AE| = |Stag — y/s/ 2| < 0.09GeV, where y/s 
is the total e + e _ energy and ptag and S tag are the 
measured B tag momentum and energy in the e + e - 
CM frame. 

For each Stag candidate, we use the remaining 
particles in the event to search for signal B meson 
candidates involving aflor D* meson, a charged 
lepton, and up to two charged pions. The D° and 
D + candidates are reconstructed in final states in¬ 
volving up to four charged pions or kaons, up to 
one K°s -A 7 r + 7 r decay, and up to one n 0 -a 77 de¬ 
cay. We require 1.845 < m(D + ) < 1.895 GeV/c 2 and 
1.840 < m(D°) < 1.890 GeV/c 2 . The D* mesons 
are reconstructed in D*° -A D° 7 r°, D*° -a D° 7 , 
D*+ D°tt + , and D* + -A D + ir° decays. Elec¬ 
trons and muons are identified using multivariate 
techniques based on information from the tracking 
detectors, calorimeter, and muon system, and are re¬ 
quired to have a momentum larger than 0.6 GeV/c in 
the CM frame. We reject electrons consistent with 
photon conversions and Dalitz decays of n° mesons. 
In cases where the flavor of the meson is de¬ 
termined by its decay products, only combinations 
with the correct D^t~ charge-flavor correlation are 
retained. For each B tag D^£~ candidate we allow 
up to two additional charged tracks in the event, 
resulting in a sample consisting of B tag DY) (mt)£~ 
candidates, with “signal pion” multiplicity n = 0 , 1 
or 2. Our measurement is based on the n = 0 and 
n = 2 samples, while the n = 1 sample is used to 
reject backgrounds in the n = 2 sample. 

Only candidates for which all charged tracks are 
assigned to one or the other B meson, and where 
the net charge of the event is zero, are considered 
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further. Charged B ta , g candidates are required to 
have charge opposite that of the lepton candidate. 
We calculate E ex tra , the energy sum of all calorime¬ 
ter energy clusters with energy greater than 80 MeV 
that are not used in the reconstruction of the B can¬ 
didates, and require E ex tra < 0.4 GeV. After these 
criteria are applied, the remaining events have on 
average about two T(45') —>• B tag B candidates per 
signal channel. The candidate in each D^*\mr)£~ 
channel with the smallest \AE\ is retained. 

Each T(45') —> B tag B candidate is fit to the 
hypothesized decay topology, imposing vertex and 
mass constraints on intermediate states in order to 
improve the resolution. The four-momentum of the 
BtagD^ (nn)£~ candidate is subtracted from that 
of the initial e + e _ state to determine the four- 
momentum p miss = {E miss ,p miss ). For events in 
which a single neutrino is the only missing parti¬ 
cle, the difference U = E m - lss — |p m j ss |c peaks at zero 
with a resolution of sa 0.1 GeV; U is used to discrimi¬ 
nate against events with additional missing particles. 
In contrast to the commonly used missing-mass- 
squared, which is proportional to E m j ss + |p m i ss | « 
2E m i ss , U does not depend directly on the modeling 
of E m j ss and thus on the decay dynamics. Hadronic 
B decays for which all final-state particles are recon¬ 
structed, and in which a hadron is misidentified as 
an electron or muon, have E m ; ss ss |p m i ss | « 0: we 
require |p m iss| > 0.2GeV/c to suppress these events. 
We impose m(D 0 ir ± ) — m(D°) > 0.16GeV/c 2 for 
the D°n + TT~£~V channel to remove correctly recon¬ 
structed B~ —> D* + tt~£~v events with a subsequent 
D*+ £)°7T+ decay. 

We use a separate Fisher discriminant [16] in each 
signal channel to further reduce the background 
from continuum and BB events. The variables used 
are E ex tra , fflESj the number of unused neutral clus¬ 
ters with energy greater than 80 MeV, the numbers 
of charged tracks and neutral clusters in the B tag 
candidate, the second normalized Fox-Wolfram mo¬ 
ment R 2 m and the CM-frame cosine of the angle 
between the thrust axes of the B tag candidate and 
of the remaining particles in the event. The discrim¬ 
inants are constructed using simulated events, with 
the distribution of each variable reweighted to match 
the distribution in data. The selection requirement 
on the output variables is optimized assuming a 
branching fraction B(B —> D^tt + tt~£~V) = 0.12% 
in each channel. 

At this stage of the analysis an event may be re¬ 
constructed in more than one channel. To obtain 
statistically independent samples and to maximize 



FIG. 1: Measured U distributions and results of the fit 
for the (a) B~ —> D°£~v and (b) B~ —> D*°£~i 7 sam¬ 
ples. 


the sensitivity to D < '*' ) n + tt £ v decays, we select a 
unique candidate as follows. Any event found in a 
D(*)£~ v sample is removed from all samples with 
one or two signal pions. If an event enters two or 
more samples with the same number of signal pions, 
candidates are removed from the sample with lower 
signal-to-background level. In addition, we remove 
from the D^n + 'K~£~V samples any event found in 
a D^’k£~V sample with \U\ <0.1 GeV. 

The analysis procedure was developed using sim¬ 
ulated event samples; the data for the two-pion sig¬ 
nal modes were not examined until the selection and 
fit procedures were finalized. Event yields are ob¬ 
tained from an unbinned maximum likelihood fit to 
the U distribution in the range —1.5 < U < 3.0 GeV 
for each signal channel. One-dimensional proba¬ 
bility density functions (PDF) for the signal and 
background components of each sample are obtained 
from MC using parametric kernel estimators with 
adaptive widths [T5]. Figure [l] shows the results for 
the D ( '*^ 0 £~V channels; the results for the D^ + £~V 
channels are similar. Corresponding yields are pre¬ 
sented in Table [U 

The PDFs used in the fit to the D^£~V chan¬ 
nels include the following components, whose mag¬ 
nitudes are parameters of the fit: B —> D£~V , 
B —> D*£~V 1 B —> D^n£~u, other BB events, 
and continuum events. Potential contributions from 
D^ ) 'K'k£~V decays have a similar shape to D^tt£~T' 
decays in these channels and are included in the 
B —> D^Tr£~u component. The PDFs used in the fit 
to the 7r + 7r £ v channels include the following 
components: B —> D^£~u, B —> D^n~£~V, B —> 
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Dtt + tt~£~17, B —► D*Tr + n~i~T' 1 other BB events, 
and continuum events. Contributions to the B —► 
£~V channels from B —► D^n ± TT°£~i' 
and B —> D^n° tt°£~V decays (cross-feed) are 
treated as signal. 

A fraction of signal decays are reconstructed with 
a B meson charge differing by ±1 from the true B 
meson charge and contribute to the wrong signal 
channel. We determine this fraction for each sig¬ 
nal channel in simulation and fix the correspond¬ 
ing yield ratio in the fit. Hadronic B meson decays 
in which a hadron is misidentified as a lepton can 
peak near U = 0. We estimate these small con¬ 
tributions using simulation and hold them fixed in 
the fit to the D^£~ v channels. Simulation indi¬ 
cates that these peaking backgrounds are negligible 
for the D W 7r + 7r £ v channels. 

Fits to ensembles of parameterized MC pseudo¬ 
experiments are used to validate the fit. All fitted 
parameters exhibit unbiased means and variances. 

The results for the £~V channels are 

shown in Fig. [2] with the corresponding signal 
yields in Table |TJ The fitted yields for all back¬ 
ground components are consistent with the val¬ 
ues expected from MC. The only known source of 
B —> Dir + n~ £~V decays is B — > Di(242Q)£~V with 
Z?i(2420) — > Dn + n~ . If we remove these Di(2420) 
decays by vetoing events with 0.5 < m(D7r + TT~) — 
m(D) < 0.6GeV/c 2 , the signal yields are reduced 
to 84.3 ± 27.7 events in D°Tr + n~, and 37.3 ± 15.9 in 
D + tt + tt~ , which indicates that Di(2420) —► 
is not the only source for the observed signals. 


TABLE I: Event yields and estimated efficiencies (e) for 
the signal channels. The quoted uncertainties are statis¬ 
tical only. Th e four th column gives the statistical signif¬ 
icance, S = v2A£, where AC is the difference between 
the log-likelihood value of the default fit and a fit with 
the signal yield fixed to zero. The last column gives the 
total significance, Stot, where systematic uncertainties 
are included. 


Channel 

Yield 

e x 10 4 

5 

Stot 

D°t~Vi 

5567 

± 

102 

2.73 

± 

0.01 

> 40 

> 40 

D+£~V e 

3236 

± 

74 

1.69 

± 

0.01 

> 40 

> 40 

D*°rv e 

9987 

± 

126 

2.03 

± 

0.01 

> 40 

> 40 

D* + £~vi 

5404 

± 

83 

1.14 

± 

0.01 

> 40 

> 40 

D°inv£~T' 

171 

± 

30 

1.18 

± 

0.03 

5.4 

5.0 

D + nn£~Jy 

56 

± 

17 

0.51 

± 

0.02 

3.5 

3.0 

D*°mv£~u 

74 

± 

36 

1.11 

± 

0.02 

1.8 

1.6 

D* + TYn£~ly 

65 

± 

18 

0.49 

± 

0.02 

3.3 

3.0 



FIG. 2: Measured U distributions and results of the fit 
for the (a) D°mv£~u, (b) D + mvl~u, (c) D*°mr£~i/, and 
(d) D* + mr£~u samples. 


Systematic uncertainties arising from limited 
knowledge of branching fractions, form factors, and 
detector response are evaluated. These impact 
the determination of the PDF shapes, fixed back¬ 
grounds, cross-feed contributions, and signal effi¬ 
ciencies. The leading uncertainties arise from ig¬ 
norance of potential resonance structure in the 
£)(*) 7r + 7T final state, the limited size of MC sam¬ 
ples used to derive PDFs, and the modeling of dis¬ 
tributions of variables used in the Fisher discrim¬ 
inants. The dependence on the D^tttt produc¬ 
tion process is investigated by using, in turn, each 
of the individual mechanisms listed previously to 
model the signal. We assign the maximum deviation 
between the branching fraction ratios R l ob¬ 
tained from the nominal and alternative decay mod¬ 
els as an uncertainty, giving 7.8% for D°n + Tr~ £~V, 
10.5% for D + tt + tt~ £~V, 19.2% for D*° £~V, 
and 13.4% for D* + Tr + n~ £~V. The impact of the 
statistical uncertainties of the PDFs are estimated 
from fits to 1300 simulated data sets, obtained from 
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the primary MC samples using the bootstrapping 
method j!9j , resulting in uncertainties ranging from 
6.5% (D°n + TT~t~V) to 21.1% ( D*°'K + n~£~l/). We 
estimate the uncertainty associated with modeling 
the Fisher discriminants by using the uncorrected 
shape of each simulated input distribution, one at 
a time, before imposing the selection requirement. 
The systematic uncertainty, given by the sum in 
quadrature of the differences with respect to the 
nominal analysis, varies from 3.7% £~V) 

to 5.2% (D + n + ir~£~v). 

The ratios of branching fractions are calculated 
from the fitted yields as 


+ 7T - 


N 


(*) 
+ 7r 


,(*) 

tnorm 


jy(*) 

iV norm t 7 r +7 


(i) 


where e refers to the corresponding efficiency, which 
is calculated from MC for the same type of B meson 
(. B~ or B°) used in the two-pion signal (iV + _) and 

zero-pion normalization (IVnorm) yields. The results 
are given in Table [TT] The dependence of the efficien¬ 
cies on the details of the hadronic B reconstruction 
largely cancels in the ratio, as do some other asso¬ 
ciated systematic uncertainties and possible biases. 
Since semileptonic B decays proceed via a spectator 
diagram, the semileptonic decay widths of neutral 
and charged B mesons are expected to be equal. 
We therefore determine combined values for the B~ 
and B° channels: these are given in Table [n] Also 
shown are the corresponding B~ branching fractions 
obtained by using Ref. [1] for the branching fractions 
of the normalization modes. 


TABLE II: Branching fraction ratios /?■*) for the 
£>(*) 7r + 7r £ v channels and corresponding isospin- 
averaged values. The first uncertainty is statistical and 
the second is systematic. The rightmost column gives 
the corresponding branching fractions, where the third 
uncertainty comes from the branching fraction of the 
normalization mode. The isospin-averaged results are 
quoted as B~ branching fractions. 


Channel 

x 10 3 

7T' 7T 

B x 10 5 

D°n + n~ £~u 
D + Tv + n~£~v 
D*°tt + n~ l~v 

D* + 7T + 7T - l~v 

71 ± 13 ± 8 

58 ± 18 ± 12 

14 ± 7 ± 4 

28 ± 8 ± 6 

161 ± 30 ± 18 ±8 

127 ±39 ±26 ±7 

80 ± 40 ± 23 ± 3 

138 ± 39 ± 30 ± 3 

D'k + tt~ £~u 
D*n + Tv~£~u 

67 ± 10 ± 8 

19 ± 5 ± 4 

152 ± 23 ± 18 ±7 

108 ± 28 ± 23 ± 4 


In conclusion, the decays B —> D^*\m:)£~V with 
n = 0 or 2 are studied in events with a fully re¬ 
constructed second B meson. We obtain the first 
observation of B — > D°tt + tt~£~V decays and first 
evidence for B — > D^*' )+ tt + tt~ i~V decays. The 
branching ratios of B — > D f '*\ + w~£~V decays 
relative to the corresponding B — > D^*>£~V de¬ 
cays are measured. To estimate the total B —► 
D^Trn£~ v branching fraction we use isospin sym¬ 
metry and consider in turn each of the B —> X C £~V 
decay models discussed above. We find B{B —► 
D(*\ + n-£~V)/B{B -» D^Tnr£~u) = 0.50 ± 0.17, 
where the uncertainty is one half the observed spread 
from the investigated models, which implies B(B —»• 
Dmr£~V) + B(B -± D^-k^V) = (0.52+°;^+°;^)%, 
where the first uncertainty is the total experimental 
uncertainty and the second is due to the unknown 
fraction of B —» £~V in B —> D { '*' , 'k-k£~V 

decays. This corresponds to between one-quarter 
and one-half of the difference between the sum of the 
previously measured exclusive B meson semileptonic 
decays to charm final states and the corresponding 
inclusive semileptonic branching fraction. 
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